Knowledge of the interactions between proteins and calcite surfaces is a key to understanding biomineralization. Progress in experiment has greatly improved our understanding of the role of peptides and proteins in the mechanism of biomineralization and shows that the structure of these biomolecules is very important in controlling crystal growth. A study on mollusk shell proteins AP7 and AP24
indicates that some structural features of these proteins will greatly influence their kinetic behavior in mineralization [1] . Again, the control of crystal growth by proteins is demonstrated in the formation of eggshell. Recently, ovocleidin-17 has been identified as the major protein of calcified eggshell, and the three-dimensional structure of this protein is believed to closely relate to its functionality in the biomineralization process [2] . Ajikumar and colleagues have used charged peptides to mimic the function of eggshell proteins and the results show that these peptides were able to facilitate the nucleation and growth of polycrystalline calcium carbonate [3] .
Metzler and colleagues used X-ray absorption near edge spectroscopy (XANES) to study the electronic structure of crystalline calcium carbonate and peptides at the surface, and hence the mutual effects of calcite on peptides and peptides on calcite during biomineralization [4] . A study on mollusk shell proteins AP7 and AP24
indicates that some structural features have an important influence in their kinetic behavior during mineralization, which suggests protein structure plays a very important role in controlling biomineralization [1] .
However, current understanding of the interaction between biomolecules and minerals during biomineralisation is far from complete. Here, computer simulations can be an Deleted: mineralisation Deleted: [1] Deleted: [2] Deleted: demonstrated
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Deleted: mineralisation Deleted: [3] Deleted: mineralisation Deleted: [4] Deleted: Experimental evidence has greatly contributed to our understanding about the biomineralisation in the presence of peptides and proteins, and shows that the structures of these biomolecules plays a key role in controlling crystal growth , but complete description of the mechanism is lacking. On the other hand, the rapid-development computer simulations provide an effective tool to explore possible mechanisms of biomineralisation. [6] . The potentials have been applied to simulate the interaction between polysaccharides and calcite, and facilitate the simulations of biomolecules and inorganic surfaces [7] . Peptides are highly charged molecules so the electrostatic interactions between peptides and mineral surfaces dominate the interfacial interactions.
The Poisson-Boltzmann equation (PBE) has been proposed as an effective continuum model to evaluate the electrostatic properties [8] . This model uses implicit solvent and can determine the contribution of electrostatic to the forces and energies of a molecular system.
In this study, we used MD simulations to simulate the dynamical behaviour of Arg Glu Glu Trp Trp Asp Asp) were built with the Amber 9 program [9] . These two peptides have been reported to facilitate the nucleation, growth and aggregation of calcite crystal [3] . A peptide can have a variety of configurations; each configuration may have a different influence on calcite crystal growth. Therefore, for each peptide simulated, we generated three configurations, alpha-helix, extended and beta-turn. In the modeling, we put water and a peptide molecule on a calcite surface as shown in Fig. 3 . Because all the peptides under study were negatively charged with -4e, two calcium ions were added to each peptide in order to neutralize the system. The temperature was 300 K and a three-dimensional periodic boundary was used. force fields designed for use at bio-inorganic interfaces [6] . Full details about the force fields between the organic molecule and the mineral are given in that reference. 
Peptides in vacuum
The MD simulations of peptides in vacuum were carried out at 300 K for 2 ns. From Configurations with coiled structure (smaller gyration radius) are energetically favourable since molecules with this kind of configuration are able to interact with themselves so their potential energy is lowered by these intramolecular interactions.
PI(A ) and PII(B) have the largest gyration radius in all of the PI and PII configurations during the simulations, and as a result, their potential energies are the largest. The change of peptide configuration as indicated from the gyration radius will induces a change of potential energy of the peptide. For example, the gyration radius of PII(A) decreased sharply (about 10%) at t=1300 ps and accordingly, its potential energy increased from around -2100 to -2400 kJ/mol.
Peptides in water
The simulations of peptides in water were carried out at 300 K for 2 ns. The potential energy and gyration radius for the peptide molecule were examined for each simulation, and results are shown in Fig. 5 . The solvation of peptides by water molecules can greatly stabilize peptide molecules. There is no obvious difference in potential energy between the peptides. Their larger gyration radius in water indicates that they tend to maintain an extended structure such as PI (B) and PII (B). The difference in dynamic behaviour of peptides with and without water molecules, as seen from the gyration radius calculations, implies that the presence of water molecules has great influence on the functionality of peptides during biomineralization.
Peptides on calcite surfaces in water
Formatted: English U.K. These simulations were used to simulate adsorption of peptides on the calcite surface.
To make sure that the adsorption of peptides onto the calcite surface is that for a low energy (if possible the equilibrium) configuration, the following procedure was used to build the system. First, the peptide was put about 4 Å away from the surface and the MD simulation ran for 2.5 ns, to allow adsorption to be complete. Second, water molecules were added to the system and a series of stepwise MD simulations were used to relax the system. After the system has equilibrated, the potential energy and the radius of gyration of the peptide could be obtained from production simulations of 2 ns, and results are shown in Fig. 6 . The results suggest that although there are differences in the gyration radius, the variability of potential energy among the peptides is insignificant. The adsorption energy could be obtained by comparing the potential energy of the system before and after adsorption using the method described by Yang et al. [7] . The results are shown in Table 1 . Low negative adsorption energy means strong adsorption between the peptide and the surface. showed that peptides with specific configurations can facilitate calcite crystal growth [3] . 
Changes in dihedral angles of the peptides
The gyration radius of a peptide can not display all the information about a peptide configuration. Therefore, the dihedral angles of the peptides have been calculated to indicate the change in configuration with more detail. For each residue unit, three dihedral angles can be defined as in Figure 7 .
The distribution of each type of dihedral angle could be obtained from the trajectory of the MD simulations. For example, the distributions of all dihedral angles for PI(A) during the former simulations are shown in Fig. 8 .
During the simulations, the dihedral angle "omega" hardly changed from around 180°, which agrees with the expected chemical structure. The figures clearly show that the change of peptide configuration can be reflected by the change in the dihedral angles "phi" and "psi". For simulation of PI (A) in water, the distribution of the dihedral angle "phi" has a major peak around 290°, and a small peak around 230°, while the distribution of the dihedral angle "psi" has a major peak around 340°, and a small peak around 230°. The distribution of these dihedral angles shows that peptides can keep their configuration in water without significant changes. From simulations of peptides on calcite surface, we can see some new peaks and slight shifts of previous peaks. The "phi" type of dihedral angle has two new distribution peaks around 80°
and 170°, while "psi" has peaks around 70° and 160°. The difference in distribution of dihedral angles shows the alteration of configuration of peptides after they interact with the calcite surface. 
Electrostatic potential isosurfaces
From the MD simulations, we are able to investigate the molecular system in atomistic detail. It is still instructive to plot the potential isosurfaces of peptide and calcite with the PBE calculations. The electrostatic potential isosurfaces represent points of electrostatic potential within a volume of space. The results from PBE calculations with the APBS program are shown in Figure 9 .
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